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AIRLOADS INVESTIGATION OF AN 0.030-SCALE MODEL OF 
THE SPACE SHUTTLE VEHICLE 140A/B ORBITER 
CONFIGURATION (MODEL 47-0) IN THE 11-FOOT UNITARY 
PLAN WIND TUNNEL FOR MACH 0.6 AND 0.9 (OA22A) 


By 
R. L. Gillins 
Rockwell International Space Division 
ABSTRACT 

This report presents results of tests conducted on a 0.030-scale 
orbiter model of the Space Shuttle Vehicle 140A/B in the NASA-ARC 11-Foot 
Unitary Plan Wind Tunnel. Aerodynamic loads cata were ere: Mach 
numbers of 0.6 and 0.9. 

Surface pressure distributions were obtained simultaneously with 
six-component stability and control force data on the orbiter configura- 
tion. The configuration simulated the 140A/B orbiter. Angles of attack 
from -15 degrees to +15 degrees and angles of sideslip from -10 to +10 
degrees were investigated. Model variables included elevon, rudder and 


speed brake deflections. The tests, designated OA22A, were conducted on 


13 and 14 September 1973. 
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INTRODUCTION 


The 0.030-Scale Aero Loads Space Shuttle Model was testec ~ ‘'« 4RC 


Unitary Plan Wind Tunnels as follows: 


IA14A 4 thru 13 Sept. 1973 
TA14B 17 thru 19 Sept. 1973 
OA22A 13 thru 14 Sept. 1973 
OA22B 19 thru 20 Sept. 1973 


For tests IAI4A, IAI4B, and JA22B see references 18,19, and 20, 
respectively. 

The testing was conducted in the 11-foot and the 9- by 7-foot tunnels 
of the ARC Unitary Plan Wind Tunnels. The IA14A/B tests were for the 
launch configurations at Mach numbers from 0.6 to 2.2. The OA22A/B tests 
were for the orbiter alone configuration at Mach numbers from 0.6 to 2.2. 
The effects of control surface deflections were also investigated in 
tests OA22A/B. 

This report for test OA22A consists of one volume which includes 


both the force and pressure data. 
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BDFLAP 
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SPDBRK 
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BW 


NOMENCLATURE (Continued) 
Additions to Standard List 


Definition 


model base area, subscript is base orifice number 
and identifies location 


model base axial-force coefficient 


model static pressure coefficient, subscript is 
wrifice number, LP oa P.1/aq 


axial-force coefficient, unadjusted 


forebody axial-force coefficient, Cay adjusted for 
base terms 


reference length, inches 


moment reference center 
orbital maneuvering system 


elevon, surface deflection angle, positive deflection 
trailing edge down, degrees 


orbiter body flap deflection angle, positive de- 
flection angle is trailing edge down, degrees 


rudder, surface deflection angle, positive deflection 
trailing edge to the left deqrees 


speed brake deflection angle, split rudder deflection 
angle, left sp'it rudder trailing edge left and right 
split rudder trailing edge right, Sop = (Sp, + ban) /2s 
positive deflection, degrees 


length of OMS nozzle, positive direction forward 
of exit plane, in 


length of MPS nozzle, positive direction forward 
of exit plane, in 


wing semi-span, in 
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BY 


CW 


CV 


X/LB 


X/LNM 


X/LNP 


X/CW 


X/CV 


Y/BW 


Z/BYV 


XCP/L 


LB 


NOMENCLATURE (Concluded) 


vertical tail span, in 


longitudinal distance from component nose, in 
lateral distance from centerline, in 


vertical distance measured from W.L. 500 (vertical 
tail reference root chord), in 


local wing chord, in 

local vertical tai] chord, in 

longitudinal position/orbiter body length 
longitudinal position/OMS nozzle length 
longitudinal position/MPS nozzle length 

local chordwise position/local wing chord length 


local chordwise position/local vertical tail chord 
length 


local spanwise position/wing semi-span 


local spanwise position/vertical tail span 


center of pressure distance from MRC, expressed as 
a fraction of body length 


length of orbiter body, in 








CONFIGURATIONS INVESTIGATED 


The 0.030-scale Aero Loads Model Orbiter, 47-0, was a combination of 
the VL70-000140A orbiter with a VL/70-000140B wing and midbody, from which 
the 140A/B designation was derived. The orbiter was complete except for 
deletion of the Main Propulsion System nozzles to provide for an aft sting 


mount. The orbiter configuration, 0,, consisted of the following components: 


Bog &g Fg M7 Nog Vg Rs Wiig Fo6- 
Bog Double delta wing fuselage, 140A/B 
Cy Canopy, 140A 
Fe Body flap, 140A 
Mp OMS pods, 140A 
Nog OMS nozzles, 140A 
Ve Vertical tail, 140A 
Re Rudder, 140A 
Wit6 Double delta wing, 140B 
E56 Elevons, 140B 


The orbiter was tested as described above with the following parameters 
variations: rudder deflections of 0°, -10°, and +10°, elevon deflections 


of 0° and -20°, and speed brake deflections of 0°, 35° and 55°. 


The general arrangement of the model is shown in figure 2a. 





INSTRUMENTATION DESCRIPTION 


The left side of the orbiter was extensively instrumented with pres- 
sure orifices for measurement of surface static pressure distributions. 
The orbiter contained 388 operational orifices, of which 5 were base and 
balance cavity taps. Tables and sketches defining orifice locations are 
included in this report. All model pressures were measured by twelve model 
mounted Scanivalve, Inc., S-type «_anivalve modules. 


Force instrumentation consisted of a six-component internal force 


balance mounted in the orbiter sting cavity. 








TEST FACILITY DESCRIPTION 


Tue tests were conducted in the Ames 11- by 11-Foot Transonic Wind 
Tunnel which is a variable density, closed return, continuous flow type. 
This tunnel has an adjustable nozzle (two flexible walls) and a slotted 


test section to permit transonic testing over a Mach number range con- 


tinuously variable from 0.4 to 1.4. 
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DATA REDUCTION 


Data were reduced toa coefficient form about body axes using the 


following reference constants: 


oar 2 
Spe eeaen tt 


fore = 38.709 in 


XMRP = Fus. Sta. 25.542 
YMRP = B.P. 0.0 
IMRP = W.L. 0.0 
A, = 0.07670 ft* 


A. = 0.21340 Ft® 


Ya 
A, = 0.08560 Ft’ 
Ay = (see table below) 
5SB = 0 deg. 
14.92 
24.92 
34.92 
54.92 
84.92 


Orbiter reference area 
Orbiter reference length 


Longitudinal moment reference point 
Lateral moment reference point 
Vertical moment reference point 


Orbiter sting cavity area 
Orbiter heat shield base area 
Orbiter OMS base (2) area 


Orbiter speed brake base area 


Ad - Q te 
O202327/ 
0.03866 
0.05370 
0.08252 
0.12083 


The fourth character in each dataset identifier (i.e., RB2BXX, B for 


fuselage) represents the individual component. The following list indi- 


cates the symbol for each component. 


SOE ee nt re COS ME ee ee Tee TSMR Sk. SOE Te Dee Seago. cad eee is 








Symbo ] 


DATA REDUCTION (Concluded) 


Component 

Orbiter fuselage 

Orbiter base 

OMS nozzle 

Body flap 

OMS pod outside 

Lower wing surface 

Upper wing surface 

Right vertical tai] Surface 


Left vertical tai] Surface 
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TABLE 1. 


TEST 3 OA-22A | IDATE 9-13-73 








TEST CONDITIONS 
REYNOLDS NUMBER | BYNAMIC PRESSURE = [STAGNATION TEMPERATURE 
MACH NUMBER (per uni fength) ‘pounds.’sq. f t ) 4} (degrees Fahrenheit) 
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TABLE III. - MODEL DIMENSIONAL DATA 


MODEL COMPONENT: BODY - Bog 


nn a et 


GENERAL DESCRIFTION: Orbiter Fuselare Configuration 140 A/B 


ER ir pie navnatesnsbeendsvenenes 


NOTE: Bo, identical to Bo; exceot underside of fuscelape refaired to 


accept W116- 
eee 
Model Scale = __-030 


a 
VL70-000195 

















DRAWING NUMBER: VL70-009 150A 
DIMENSIONS: | FULL-SCALE MODEL SCALE 
Length (Body Fwd Sta X, = 238) - in. 1293, 3 38.799 
Max. Width (at X, = 1520) - in. 262.0 __ 7.860 
Max. Depth (at X, = 3464) - in. _250.0 7.500 _ 
Fineness Ratio 0.26357 __9.. 26357 
Area - ft’ 
Max. Cross-Sectional 340. 88462 0.30679 
Planform 
Wetted 
Base 








! TABLE III. - Continued. 


> MODEL COMPONENT: = CANOPY - Co 


GENERAL DESCRIPTION: Sonfioeuration 3A 


a cS I A 








Model Scale = -930 








VL70-OQ002L6.4 


DRAWING NUMBER — _VETO-0007 1,2 
DIMENSION: | | FULL SCALE | MODEL SCALE 
Length (¥ =434.643 to 57) 235.357 7.06071 
Mox Width (5 X,+523.127) 152.412 4.57256 
Mox Depth (2 X,=4°5.0) 25.000 0.75000 
; Fineness Ratio - 
Area 


Mox Cross-Sectional 

a eee | eee 
Planform 
Wetted 


Base 








TABLE IIT. - Continued, 


el 


MODEL COMPONENT: ELEVON - Eog 


GENERAL DESCRIPTION: Confizuretion 4 


NOTES: VL70-000400 date for (1) of (2) sides. Identical to E25 except 


airfoil thickness 





eee» 








Model Scale = 030 
~ VL70--000 200 
DRAWING NUMBER: VL70-OO01LC B 
DIMENSIONS : FULL-SCALE MODEL SCALE 
Area 223.5814 | 0.20122 
: Span (equivalent) 368,34 11.0§020 
Inb'd equivalent chord , 119.623 3. 58869 
Outb'd equivalent chord | §5.1922 1.65577 
Ratio movable surface chord/ | 
total surface chord 
At Inb'd equiv. chord i 0.2096 0.2096 
At Outb'd equiv. chord | 0.4004, 0.4004 
Sweep Back Angles, degrees 
- “ _ Leading Edge | 0.00 O00 
"tk Tatling Edge * _-20.055 ——-10056 
| Hingeline a EO 0.00 
Area Moment (Normal to hinge line) 851.1502 0.76604 


24 


. 
q 
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TABLE III. - Continued. 


MODEL COMPONENT: BODY FLAP - Fg 


GENERAL DESCRIPTION: ‘Configuration 4 














Model Scale - -030 
DRAWING NUMBE:, 


DIMENSION: 


Length in. 
Mex Width 17. 
Mox Depth in. 
Fineness Ratio | 
Areo - ft’ 
Max Cross-Sectional 
Planform 
Wetted 
Base 


_VL70-000140B, VL70-000 200 


25 


FULL SCALE 


Bi, . 
262.308 


23.000 


* 158.85350 


41. 89642 


MODEL SCALE 


eo 541 





ga 


0.14297 


0.03771 








TABLE III. - Continued. ws a " | 


MODEL COMPONENT: __OMS POD = M7_ 


4 
ee re ene A 


{ , 
GENERAL DESCRIPTION: _Boetiguret on 3h 
er 


Model Scale =# -030° | 











| VL70-O00L0A 
7 DRAWING NUMBER _ ¥L70-000145 
DIMENSION: | FULL SCALE MODEL SCALE 
Length (O¥S Fwd Ste X,=1233.0) - IN. 327.000 9.810 
fmax Width (@ X6=1450.0) ~ IN. 94.5 > .8350 
Mox Depth (@ X.=1493-0) - IN. 109.000 


| 


Fineness Ratio 
Areca 


Max Cross-Sectional 


A | 


Planform 
Wetted cee 
Base 
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TABLE III. - Continued. 


MODEL COMPONENT: NOZZLES - Nog 


ee re ELE me PS eG A TE 





GENERAL DESCRIPTION: Confizuretion 3A OME Nozzle 


eee 





Model Scale = 030 


Rg ae ga agen png aa eG TE I LIT I IT IEE STI GT I I ON LL 





DRAWING NO, VL70-O0011L04 


DIMENS IONS | FULL-SCALF MODFL SCALF 
MACH NO. 
DiAMETER DEX ~ IN (One nozzle) 
DIAMETER DT ~ IN 
ie DIAMETER DIN ~ IN 


ON ~ DEGREES 


ae ' AREA - Ft® (one nozzle) 


ai 
ai 


MAX CROSS-SECTICNAL 














GIMBAL ORIGIN Xo Yo Zp 
LEFT NOZZLE ~ IN. . 1518.0 —88.0 492.0 
RIGHT NOZZLE ~ IN. 1518.0 +88.0 492.0 

NULL POSITION PITCH YAW 

= 4 . , o 1 ¥ 70 ’ +9 3°.’ Cole's 

LEFT nozzpp (‘ull Pitch 15°49 aaa 17 = 3°30" INB'D 

eee 7 atm, RO 13°17? Greed 

RIGHT NOZZLE (Mull Piteh 15°49': Yew 12°17 ~ 2°17'_INB'D 
OUTS 'D) ‘ 





anwe 





TABLE III. - Continued. 


" wopeL component; RUDDER - Re 7 


GENERAL DESCRIPTION: 2A, 3 and 34 Configuration per Reekwell Lines 











VL70-000095 
NN ne 
Model Scale =~ -0350 
DRAWING NUMBER: VL70-000095 
DIMENSIONS: FULL-SCALE MODEL SCALE 
Area - FT2 106.38 0.09574 
Span (equivalent) - IN. 201.0 6.0300 
Inb'd equivalent chord | 9). 525 2.74755 
Outb'd equivalent chord ___ 50.833 1.52499 





Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord | 0.400 0.400 
At Outb'd equiv. chord 0.400 __0.400 


| 


Sweep Back Angles, degrees 


Leading Edge 31, 63 31,.83 

Tailing Edge 26.25 26.25 

Hingeline . 41,.83 34.83 pees! 
Area Moment (Normal to hinge line)- FT? 526.13 0.01420 


Product of Area and Meaa Chord 
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TABLE III. - Continued. 


MODEL COMPONENT; VERTICAL - Ya __ 
























7~ ——_ GENERAL DESCRIPTION: Confieuraticn 3A 
NOTE: Siriler to V5 with radius cn Th upper corner and IF lower corner 
where vertical meets fuselere. | 
Model Scale = 
VL70O-OCULACA 
DRAWING NUMBER: /  _WL70-OOO1LEA 
DIMENSIONS: FULL -SCALE MODEL SCALE 
TOTAL DATA 
Area (Theo) Ft® «413.253 0.37193 
.  Planform [ae 
Span (Theo) In 15.729 9.47160 
Aspect Ratio | 1.675 1.675 
Rate of Taper 0.597 0.509 
Taper Ratio 0.19 O60 479 
. Sweep Back Angles, degrees | - 
Leading ftdae 7 45.00 £5.00 
Trailing Edge 25.C47 25.947 
0.25 Element Line | 41.130 41.1300 
Chords: 
. Root (Theo) WP | abe .500 8.05509 
: Tip (Theo) WP 108.470 3.25410 
MAC 199,8°756 5.99423 
Fus. Sta. of YA.) MAC 63 ar) 43 9050 
W. P. of .25 MAC 635,522 19.06566 
B. L. of «25 MAC 9.00 € 
Airfoil Section 
Leading Wedge Angle Deg 10.00 19.90 
Trailing kedge Angle Deg 1 220 ne 
‘Leading Edge Radius (tin) - IN. 960) 0.060 
Void Area LU17 0.01185 
Blanketed Area 0,00 0.00 
, ° 24 
a 











TABLE III. 
WING - W116 


MODEL CCMPONENT:. 
GENERAL DESCRIPTIC:: 


Configuration 4 


- Concluded. 





‘ NOTE: Identical to W)j4 except airfoil thickness. Dihedral angle is along 


trailing edge of wing. 





Model Scale =  -030 
TEST NO. 
DIMENSIONS: 


TOTAL DATA 
Area (\heo.) Ft? 
Planform 
Span (Theo In, 
Aspect Ratio 
Rate of Taper 
Taper Ratio 


Dihedral fngle, degrees(at X,=1506.623,Y,= 


Incidence Angle, degrees 105, Z5= 282.75) 
Aerodynamic Twist, cegrees | 
Sweeo Bacx Angles, degrees 
Leading Edge 
Trailing Edce 
0,25 Element Line 
Chords: 
Root (Theo) B.?.0.0. 
Tip, (Theo) B.P. 
MAC 
- Fus. Sta. of .25 MAC 
WLP, of «25 MAC 
B.L. of 025 MAC "4 


EXPOSED DATA ” 
Area (ineo) Ft 
Span, (Theo) In. BP108 
Aspect Ratio 7 
Taper Ratio 
Chords 
Root BP108 
Tip 1.00 b 


-HAC 
Fus. Sta. of .25 MAC 
WeP. of .25 MAC 
B.L. of .25 MAC 
Airfoil Section (Rockwell 
XXXX-64 
Root b = 0.425 


Mod MASA) 


d 
Tip b= 1.00 
2 


Data for (1) of (2) Sides 
Leading Edge Cuff 5 
Planform Area’ Ft 
Leading Edge Intersects Fus 4, L. @ Sta 
Leading Edge Intersects Wing @ Sta 


[* 2 30 


S 
por 
ps F spurt 


B 
DWC. NO. VEro-0cuzdd 


FULL-SCALE 


45.00 


35.209 _. 


689.2429 
137.8486 
AT4.8117 


— 426,72) 


91.00 


187.3349) 


1812.2205 
736.6816 __ 
2.058 
0.2451 


570.6230 
As/ Sole. 
354.2376 
1164. 237 
292.00 
239 .67785 


0.113 





MODEL SCALE 


om eee ah, ee et et 





1.63010 
£4: L004: 
AS we 
0.2451 
17.11869 
4 


0.62713. 
—34_92711. 


- #76000. 
— 19034. 


0.113 


0.12 
2.10650. 
~12.12000 
A. 10200. 
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TABLE VII. - ORBITER BASE, BODY FLAP, AND OMS NOZZLE PRESSURF ORIFICE LOCATIONS 


ORBITER BASE 


QRIFICE 

LCCATION NUMBER 
Orbiter Sting Cavity 1 
‘Orbiter Base (Lower Le: “. nev) Z 
QMS Nozzle Base 3 


data in datasets RB2CXX 
RUDDER FLARE BASE BODY FLAP 


By, ee das aes ies 
RUDDER ao fe ORBITER™ X. 


MODEL Q 
pisses | 46.65 | 1 






V 
BE ioe 


69 
e 
1590 73 


data in datasets RB2CXX 





data in datasets RB2FXX 


LEFT OMS NOZZLE SURFACE 


4 nN: i . 
NOZELE EAT 





data in datasets RB2EXX 
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Figure 2. - Continued 
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g. Elevon, Eg, iines drawing VL70-000200, VL70-000140A/B 


Figure 2. - Continued 
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APPENDIX 


TABULATED SOURCE DATA 
(FORCE } 


Tabulations of plotted data are availahle on 
request from Data Management Services. 
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